Postoperative Complication Risk Score Validation of the findings may be limited. Six others used retrospective data sets to develop a score to predict single PPC outcomes: unplanned reintubation, [12] [13] [14] postoperative pulmonary failure, 15 and adult respiratory distress syndrome. 16, 17 Finally, two 1, 3 were prospective studies in patients undergoing a wide range of surgeries and only one was internally validated. 1 To our knowledge, none of these studies have been replicated in other settings to externally validate the scores in new prospectively collected samples of patients, and for this reason, none can be confidently generalized. 18, 19 The lack of validated models affects the clinician's ability to predict and plan strategies to prevent PPCs in high-risk groups.
The recent Assess Respiratory Risk in Surgical Patients in Catalonia (ARISCAT) study 1 addressed the problem of differences across surgical contexts by using a populationbased approach that was representative of a wide range of procedures and patients in a geographically defined, mixed urban-rural practice setting. A clinically practical seven-factor scoring system to assess the risk of a composite PPCthe likelihood of developing any complication in a list of well-defined events-was internally validated.
To test the hypothesis of the geographic transportability of the ARISCAT score to different but plausibly related 19, 20 surgical populations, 63 European centers in 21 countries prospectively recruited a new patient cohort for the Prospective Evaluation of a RIsk Score for postoperative pulmonary COmPlications in Europe (PERISCOPE) study. The aim of this study was to measure the accuracy of ARISCAT score predictions of PPCs in the PERISCOPE cohort overall and in three subsamples of that cohort. Cohort splitting was intended to reflect possible case-mix differences that might appear with increased geographic distance from the setting where the ARISCAT model was developed.
Materials and Methods

Study Design and Participants
The PERISCOPE cohort was established following a prospective, observational multicenter design in which 63 European hospitals (appendix) volunteered to recruit surgical patients during continuous 7-day periods. Recruitment within a center started on a date between May 2, 2011, and August 15, 2011, chosen on the basis of the local researchers' convenience, and follow-up ended in November 2011. The hospitals were identified through membership in the European Society of Anaesthesiology and approached directly by national study coordinators. The study was registered at www.clinicalTrials.gov (identifier, NCT01346709).
Consecutive patients undergoing a nonobstetric in-hospital elective or emergency surgical procedure under general, neuraxial, or plexus block anesthesia were recruited. Exclusion criteria were age under 18 yr, obstetric procedures or any intervention during pregnancy, procedures in which only local or peripheral nerve anesthesia would be used, procedures outside an operating theater, procedures related to a previous postoperative complication, transplantation, patients with preoperatively intubated trachea, and outpatient procedures (hospital stay of <24 h).
Three numerically comparable subsamples were defined, based on their geographic distance from the development population as follows: Spain, Western Europe (WE), and Eastern Europe (EE).
Ethical Considerations
Ethics requirements differed in the 21 countries, but formal approval from a research ethics review board was applied for and given in each. The locally responsible investigator also applied for and obtained approval from the ethics committee of each participating hospital. Each center investigator sent a scanned copy of the ethics committee approval to the European Society of Anaesthesiology secretariat, where files were centralized. Written informed consent to use the data was obtained from each enrolled patient in all centers.
Organization, Data Collection, Variables of Interest, and Quality Assurance
The international research team consisted of a steering committee and nationally and locally responsible investigators on behalf of the European Society of Anaesthesiology.
Postoperative pulmonary complications were recorded by the investigators throughout the postoperative hospital stay up to a maximum of 5 weeks. Patients with PPCs were identified by data collectors who consulted medical records in real time, daily while they were being created, to find events that fulfilled any PPC definition; they did not modify a center's customary management of patients. A structured paper questionnaire was filled in for each patient; later, information that could identify the patients was removed before transfer to secure online record forms (OpenClinic Optimized Cloud Hosting, Boston, MA), an electronic system with quality control algorithms to validate data entry and identify missing data. A central data manager checked entries to confirm completeness of records and asked the designated local contact person to provide additional information if necessary.
Data for the seven risk factors described in the ARISCAT model (table 1) were collected preoperatively by the anesthesiologist in charge of the patient after signed informed consent had been given, as follows: age in years; peripheral oxyhemoglobin saturation measured by pulse oximetry (SpO 2 ) breathing air in supine position after resting 1 min or, in patients on oxygen, SpO 2 after 10 min without oxygen; respiratory infection in the last month; hemoglobin concentration; surgical incision site; surgical duration in hours; type of surgery (scheduled or emergency).
Postoperative pulmonary complication was defined as the occurrence of at least one event on a list of in-hospital fatal or nonfatal PPCs (table 2) . Thus, a patient was considered to have had a PPC when at least one of these events was recorded. This outcome was therefore considered as a Mazo et al.
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binary categorical variable (yes/no) for the purposes of statistical analysis.
To compare subsamples, we also recorded administrative data (dates of surgery and discharge and vital status at discharge), general information (sex, height, and weight), preoperative variables (chronic pulmonary disease, smoking status, hypertension, cerebrovascular disease, coronary artery disease, chronic heart failure, liver disease, chronic kidney disease, and physical status using the American Society of Anesthesiologists' classification), and intraoperative variables (anesthetic technique and surgical specialty). Postoperative hospital length of stay and in-hospital postoperative mortality were followed up to a maximum of 90 days.
Statistical Analysis
The sample size was calculated considering that at least 100 PPCs were needed in each of the three external validation subsamples. 21 The incidence of each PPC was calculated in the PERISCOPE cohort (and its three subsamples: Spain, WE, and EE), and the associations between number of PPCs per patient and both length of hospital stay and in-hospital mortality were assessed. Comparative analysis of demographic and clinical characteristics between the ARISCAT development sample versus the whole PERISCOPE cohort and each subsample was performed.
In the ARISCAT regression model (risk of PPC = 1/(1 + e −linear predictor ), the linear predictor (lp ariscat ) was built using β coefficients derived from the original regression model. A risk score was also calculated for each patient by assigning points derived by multiplying the regression coefficients by Chest radiograph demonstrating blunting of the costophrenic angle, loss of the sharp silhouette of the ipsilateral hemidiaphragm (in upright position), evidence of displacement of adjacent anatomical structures, or (in supine position) a hazy opacity in one hemithorax with preserved vascular shadows Atelectasis
Suggested by lung opacification with shift of the mediastinum, hilum, or hemidiaphragm toward the affected area, and compensatory overinflation in the adjacent nonatelectatic lung Pneumothorax Air in the pleural space with no vascular bed surrounding the visceral pleura Bronchospasm
Newly detected expiratory wheezing treated with bronchodilators Aspiration pneumonitis Respiratory failure after the inhalation of regurgitated gastric contents Mazo et al.
Postoperative Complication Risk Score Validation 10, rounding to the nearest integer and adding the integers (table 1) . Three predicted risk groups were then defined according to the cutoffs identified in the ARISCAT study 1 by means of the minimum description length principle: <26 (low), ≥26 and <45 (intermediate), and ≥45 (high risk). The model's performance was then assessed by studying discrimination, calibration, and clinical usefulness in the PERISCOPE data set overall and the three subsamples (Spain, WE, and EE). For measures of discrimination and diagnostic accuracy, the ARISCAT clinical score was used, whereas for calibration the linear predictor equation was used because it gives a more accurate mathematical assessment of each patient's outcome risk.
Discrimination
Accurate predictions discriminate between patients with the outcome and those without. The ability of the ARISCAT score to rank patients with and without at least one PPC was quantified with the c-statistic, which is the equivalent of the area under receiver operating characteristic curve for a dichotomous outcome variable.
Calibration
Calibration refers to the agreement between observed outcomes and predictions. It can be broken down into two components: a constant (a) and a coefficient (b), which represent, respectively, the intercept and the calibration slope of a line plotting observed frequencies against predictions. 22 These two components can be calculated by logistic regression with the linear predictor as the only risk factor for the outcome; this regression defines a new linear predictor: lp calibrated = a + b × lp original . 23, 24 The calibration slope (b) also reflects the average effect of predictors in the outcome; the adjusted value of the intercept (a) after setting the value of b to 1 (assuming hypothetical optimal performance of predictors) reveals a systematic deviation (bias) of predictions. Following these statistical premises, under the hypothesis that the ARISCAT linear predictor (lp ariscat ) was the only valid PPC predictor, calibration was verified by performing logistic regression in the complete PERISCOPE cohort and in each geographic subsample, with lp ariscat as the only independent variable and the observed PPC composite outcome as the dependent variable. From each of these regressions, we obtained a new linear predictor (lp calibrated ) as lp calibrated = a + b × lp ariscat . The PPC risk in each PERISCOPE subsample was then expressed as follows (using a different lp calibrated for each): Risk of PPC = 1/ (1 + e −lp calibrated). Finally, to reflect the clinical implications of calibration, we also calculated the predicted and observed PPC frequencies in each of the PERISCOPE data sets according to the cutoffs for three levels of risk.
Clinical Usefulness
The utility of a predictive model can be assessed by means of measures of accuracy of outcome diagnosis (sensitivity, specificity, positive and negative likelihood ratios, and positive and negative predictive values). These measures of PPC diagnostic accuracy were analyzed for intermediate and high-risk scores compared to lower risk scores, respectively.
To adjust the ARISCAT score for the influence of European regional influence, we performed a logistic regression with PPC occurrence as the dependent variable and the ARISCAT score (three levels of risk) and geographic area (Spain, WE, and EE) as independent variables. We also carried out a supplementary exploration of the performance of the ARISCAT model's ability to predict single components of the composite and alternative composite outcomes in the PERISCOPE sample by calculating adjusted odds ratios for each predictor and c-statistics for the each individual PPC outcome and alternative composites.
The Mann-Whitney U test was used to compare means and the chi-square test or Fisher exact test to compare percentages. The Kruskal-Wallis test was used to compare postoperative length of stay between subgroups formed according to the number of PPCs found. The Mantel-Haenszel test was used to analyze trends in mortality rates between those subgroups. Statistical analyses were performed using the SPSS Software package (IBM SPSS Statistics 19.0, Armonk, NY). Categorical variables were expressed as number of cases, and percentage and continuous variables were expressed as the median and interquartile range. All performance measures were expressed with 95% CIs.
Results
A total of 5,859 surgical patients were recruited by the participating hospitals ( fig. 1 ); 475 (8.1%) were lost because of recruitment or protocol violations or missing follow-up data, and 285 (4.9%) were lost due to missing data in candidate risk factors (see table 1, Supplemental Digital Content 1, http://links.lww.com/ALN/B55). The most important missing variables lost were SpO 2 , preoperative anemia (<10 g/dl), and respiratory infection in the last month (see table 2 , Supplemental Digital Content 1, http://links.lww.com/ ALN/B55). In the PERISCOPE cohort overall, 725 PPCs were recorded in 404 patients (7.9% of the 5,099 patients studied). Respiratory failure was the most frequent complication (241 patients, 4.7%), followed by pleural effusion (159, 3.1%), atelectasis (122, 2.4%), pulmonary infection (120, 2.4%), bronchospasm (42, 0.8%), pneumothorax (29, 0.6%), and aspiration pneumonitis (12, 0.2%). Among patients with PPCs, 263 (65%) had more than one complication and 141 (35%) had three or more. The time between surgery and the first PPC recorded was 3 (2 to 6) days. Inhospital mortality in the group of patients with at least one PPC (8.3%) was significantly higher than in patients with no PPC (0.2%; P < 0.0001).
Comparison of demographic and clinical characteristics, PPC incidence, length of hospital stay, and mortality between the ARISCAT development cohort (1,627 patients) and the overall PERISCOPE cohort and subsamples are Mazo et al.
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shown in table 3. The PPC incidence was higher in the overall PERISCOPE cohort and subsamples than in the ARIS-CAT sample, but the in-hospital PPC-associated mortality rate and postoperative length of stay were similar. Cardiac and cerebrovascular comorbidities were higher in the PERI-SCOPE cohort than in the ARISCAT development sample. The relationships between length of stay and in-hospital mortality and number of PPCs are shown in table 4.
The performance measures describing discrimination, calibration, and clinical usefulness in each of the PERI-SCOPE samples in which the ARISCAT model was tested are shown in table 5. Predicted probabilities and observed PPC frequencies in each of the PERISCOPE data sets are shown in table 6, according to the ARISCAT score cutoffs for three levels of risk.
The adjusted odds ratios for predictors in the ARIS-CAT score and the c-statistics of the ARISCAT model for each component of the composite outcome with over 100 events in the overall PERISCOPE cohort (respiratory failure, suspected pulmonary infection, pleural effusion, and atelectasis) and for possible combinations of two, three, or four PPC outcomes are shown in supplemental tables (see Supplemental Digital Content 2, http://links.lww.com/ ALN/B56). This supplemental analysis suggested that the variables in the model with the highest odds ratios might also be good predictors in refitted predictive models for any component of the PPC composite outcome. The adjustment of the ARISCAT score for interaction with geographic area is also shown (see table 1, Supplemental Digital Content 3, http://links.lww.com/ALN/B57). This analysis confirmed first, that EE region was an independent risk factor for the outcome and second, that there was an interactive positive effect between WE region and the ARISCAT score's prediction of risk for the outcome.
Discussion
Before prognostic scores are adopted for clinical use outside the development setting, they should be studied in new populations 19, 25, 26 ; yet to our knowledge, this is the first study in which a PPC risk score has been validated externally.
Our study of the performance of the seven-factor ARIS-CAT score (table 1) in patient samples that were progressively distant from the development setting provides an intermediate level of evidence according to the definition of Justice et al., 19 supporting the use of this model for PPC risk prediction in a broad European surgical population in which the observed incidence of PPCs fell within the ranges reported for similar settings. 4, 9 The results in each external sample additionally illustrate the degree to which external validation has potential clinical significance, as it suggests 
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that even a validated score may need further adjustments for populations with characteristics that diverge from those previously studied. 23, 27, 28 The ARISCAT score, which had shown very good ability to discriminate PPC risk in the development sample (c-statistic, 0.89), 1 also showed good discrimination in the overall PERISCOPE sample (c-statistic, 0.80). Discrimination was even better or equally good in the WE and Spain samples. The c-statistic in the EE subsample (0.76) was only moderately good. 
Postoperative Complication Risk Score Validation
While discrimination values check that the model has good ability to stratify patients according to risk, calibration provides information on the degree to which observed frequencies of outcomes deviate from predicted in a particular population. The calibration slope b was significantly lower than the ideal (b = 1) in all PERISCOPE subsamples studied (table 5) . Although this finding is potentially attributable to the optimism inherent in nearly every model, 29 it may also be a consequence of a real difference in the effects of predictors in the new populations. In the WE subsample, where the score performed best, the calibration slope was over 0.8, while in the EE subsample, the slope was under 0.6, suggesting that the coefficients of the ARISCAT predictors might require recalibration in a population represented by this subsample. Intercept values significantly different from 0 in the EE and the WE subsamples in this analysis suggest that factors other than the ARISCAT score's predictors probably play a role. Specifically, differences in case mix between the PERISCOPE and development samples (table 3) -such as different rates of underlying cardiovascular disease or different distributions of surgical procedures and anesthesia techniques-could explain the significant differences in the PPC incidences, as well as differences in the intercepts between PERISCOPE subsamples. This hypothesis seems strong based on our supplemental analysis (table 1, Supplemental Digital Content 3, http://links.lww.com/ALN/B57) to explore interaction between the ARISCAT score's prediction of PPC risk and geographic area. Significant risk in the EE region is evident even after adjustment, but the odds ratio implies that there are additional unknown risk factors in this area. The analysis also revealed a positive interaction between the score's prediction of risk and WE geographic zone; put 
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another way, the ARISCAT score performed best in this region, even better than in the Spanish cohort. It has been noted that external validation studies should be undertaken in patient samples that are different but plausibly related to the development sample, 17, 19 but the scientific community has unfortunately not come to agreement on a definition for this combination of difference and relation in case mix. In other words, the number, or proportion, of candidate predictors not finally included in the model that should be similar in an external sample for it to serve for validation purposes has not been made explicit.
Likelihood ratios (table 5) are the measures that best summarize the usefulness of a prognostic test. Thus, the risk for PPC of a patient with a score of 45 or more (high) is 5 to 11 times higher than the risk of a patient with a lower score; a patient with a score below 26 has a level of risk from two to four times lower than others with higher scores. These results allow us to define the score as a tool with moderate to good clinical utility to estimate the risk of complications. It should be noted that apparently modest predictive values that would not be acceptable in diagnostic tests, where accuracy is essential, may still be very helpful in prognostic models, which are used in preoperative visits to predict a complication risk higher than average. This first study to externally validate a PPC risk score has several strengths. First, we followed a prospective design calling for careful data collection in an appropriately large sample of patients from a wide spectrum of European countries and surgical settings. Second, by dividing the PERISCOPE cohort into three subsamples that were progressively distant from the development setting, we were able to illustrate the degree to which a model might behave somewhat differently in each one, a reminder of the importance of external validation generally speaking and of the demanding calibration step in particular. This calibration differentiates between miscalibration attributable to potential predictors not included in the model (when the intercept a differs significantly from 0) and miscalibration attributable to different weights of the predictors (when the slope b differs significantly from 1).
Concerning limitations, we are aware of the low representativeness of the samples with respect to the geographic areas in which they were obtained. This limitation prevents us from extrapolating definite conclusions as to the extent to which recalibration might be required in each of the areas we studied. Such recalibration might be useful, with a view to optimizing the usefulness of the model in particular settings. A second possible limitation is that some PPCs might not have been detected in patients discharged early, but this hypothetical bias is inherent to every study with in-hospital follow-up. We think it would have had only a minor effect in this study, given that the candidates for early discharge would have been patients undergoing less invasive procedures and those showing a more favorable course. Finally, a composite outcome, of the type the ARISCAT score predicts, might be considered a controversial choice. However, such composites mimic clinicians' weighting of several risk factors at once or in series; thus, we think this approach reflects the real conditions of clinical practice during the period when decisions affecting perioperative management are taken. Our confirmation that the length of hospital stay and in-hospital mortality increase as PPCs rise in number in the external samples (table 4) underlines the importance of a patient's development of any single respiratory event included in the composite. Moreover, the results of the exploratory analysis of the ARISCAT score's prediction of single components of the composite outcome (Supplemental Digital Content 3, http://links.lww.com/ALN/B57) suggested that the most powerful predictors in the ARISCAT model would also be good predictors in a refitted predictive model for any component of the composite.
We conclude that assessing the seven easily recordable and clinically accessible factors identified by the ARISCAT score (age, preoperative SpO 2 in air, respiratory infection in the last month, preoperative anemia, upper abdominal Postoperative Complication Risk Score Validation or intrathoracic surgical incision, duration of surgery, and emergency procedure) is useful for differentiating three levels of PPC risk in hospitals outside the development setting, although performance differs significantly between geographic areas. That ability to distinguish risk makes the score a validated starting point for controlled trials and audits of risk-reduction strategies. Even so, we advise clinicians to use this scale cautiously when predicting risk for an individual patient, given that the calibration of the model is suboptimal in some geographic contexts. Recalibration can optimize performance of the score for use in homogeneous populations with well-defined characteristics. Mazo et al. 
